Abstract: Recent studies have shown conflicting results on speech intelligibility tests using high rates of speech (timecompressed) for older listeners. Possible explanations are differences in context as well m in time-compression algorithms. The purpose of this study was to compare the speech understanding of older listeners on the R-SP~low predictability sentences with the high context CST sentences at three different rates of speech using one single time-compression algorithm, BACKGROUND
speech understanding difficulties in this population. Men speed of processing is decreased with aging, older listeners may rely more heavily on contextual cues within the speech signal. Gordon-Salant and Fitzgibbons (3) used the low predictability (LP) sentences of the Revised Speech Perception in Noise test @-SPW) (1) to evaluate the effect of reduced context when speech rate was increased. At a rate of 60% time-compression, the speech recognition scores on the R-SP~LP sentences averaged below 55°/0. A more recent study (5) found an average speech recognition score of 92°A on the Connected Speech Test (CS~ (2) . Unlike the LP sentences of the R-Spin, the CST provides a high degree of context in that every ten sentences are related to a specific topic. However, another confounding factor between the two studies was the unknown differences between the algorithms used to increase the speech rates. The purpose of this investigation was to examine the effects of context represented by these two tests on the speech recognition scores of normally-hearing, older listeners using a single time-compression algorithm.
METHOD
Ten subjects, aged 65 to 75 years, participated in this study. They were required to have pure tone thresholds of 25 dB HL or better from 500 through 3000 Hz binaurally and normal middle ear adrni~ce on tympanometry.
Sentences from the R-SP~LP and the CST were time-compressed at 40, 50, & 60% using the Synchronized Overlap Add (SOLA) algorithm (4). Order of presentation was counterbalanced and all subjects participated in a practice session prior to the tests to familiarize them with time-compressed speech. Speech was presented monaurally through insert earphones at 90 dB SPL, Subjects were asked to repeat the CST sentences in their entirety according to the test protocol (2) . For the LP R-SP~test, subjects were asked to write the final word of the sentence for later scoring. Tests were also administered in the O"/O time-compression condition to provide a baseline score.
The SOLA algorithm is a time-based method in which successive time frames of the signal are overlapped and a cross-correlation function determines the best fit for common elements within the overlapping segments. The segments are then added with a weighting function to control the amplitude growth.
RESULTS
At OVOtime-compression (normal rate) scores for both tests were above 980A. All data were arcsin transformed prior to data analysis. Figure 1 shows the mean test scores by rate in arcsin units. Two two-way analyses of variance (ANOVA), Rate x List, were first conducted to determine whether lists were of equivalent difficulty within each rate for each test. There was no significant effect of list at any rate in either test. Lists were then averaged to produce a single score for each subject at each rate, To analyze the effects of tests and rates on speech recognition scores, a mixed model ANOVA was then conducted with Subjects as the random factor and Test and Rate as fixed factors. Main effects of test C= 15.88, p<.O1) and rate @=46.27, P<.O1) were found with no statistically significant interaction between the two independent variables. Finally, significance of the effect of rate within each test was analyzed using one-way ANOVA'S, Rate emerged as a significant factor within each test (CST:~=6.96, p<.01; R-SP~:~= 1I .77, p<.O 1). However, the only rate which yielded significantly poorer recognition scores at a significance level of .05 was the 60°/0 timecompression rate in both tests.
DISCUSSION Am CONCLUS1ONS
Two speech recognition tests previously shown to produce very different scores in older listeners in earlier studies were investigated using one time-compression algorith and a single group of older listeners. The results of the current study differ from both of the previous studies. Older listeners scored better on the CST @igh-context) but did not perform as well as a larger group of older listeners in a previous study (5) , On the other hand, the listeners in the current study scored an average of 13 percentage points better than those on a previous study of the time-compressed R-SP~LP test (2),
The CST materials used in the current study were previously recorded by a female speaker while the R-SP~LP sentences were the original sentences recorded by a male speaker and digitized for this investigation. Anecdotally, many subjects reported a subjective impression that the male speaker was more intelligible than the female speaker. Results do not confirm these impressions. Individual scores as well as mean scores were generally higher on the CST (female speaker). An informal examination of errors on both tests revealed that the majority of errors at the 40 and 50°Acompression rates on the R-SP~LP sentences occurred on the same 3 to 6 words out of the combined lists of 50 words delivered to each subject. No such pattern was found on the CST. This repetition of errors would indicate that the errors on the LP sentences may not be related to context but rather to changes in the acoustical signal as a result of the effect of time-compression on certain phonemes. Further research is needed with larger n's using a single algorithm to verifi the extent of the effect of context on time-compressed speech recognition.
